The Report of the Working Group on the Short-Term Prediction of AIDS/HIV (the Cox Report) is reviewed mainly to assess its calculations of the numbers of people in England and Wales who are infected with the human immunodeficiency virus (HIV). Two main methods are used in the report to estimate this total-the direct method and the back projection method.
INTRODUCTION
Towards the end of 1988 a working group set up by the Department of Health reported on predictions 'for a 2-5 year period, in England and Wales, of incidence and prevalence estimates for numbers of live cases of AIDS and, where adequate information is available, of other HIV-associated
The prevalence and incidence of HIV and AIDS, past, present and future, are so interdependent that it is impossible to isolate one element in the picture from the others. So a consideration of the Report's treatment of HIV prevalence, the major concern of this paper, inevitably leads into more general criticisms of its treatment of other aspects of AIDS/HIV epidemiology.
It is instructive to consider the Report's AIDS case predictions, for they illustrate the wide disparity of opinion and lack of consistency in the Working Group. A summary of the Group's predictions of AIDS case numbers is given in Table 3 .1. of the Cox Report. The 14 predictions for the number of AIDS cases in 1992vary from 1290 to 12,097; the different predictions have a mean of 5200 and a standard deviation of nearly 3300. A wide range of estimates has also been given for cases diagnosed in 1988. The Wilkie model A predicts 1490AIDS cases, while the Day Weilbull Optimistic model predicts only 1030 cases. Actual reported AIDS cases to November 1988 are 669, and allowing for the December cases plus about a further 40% for late reporting, it is likely that the final total for 1988 diagnoses will be at the lower end of the range given in the Report, and could be below it.
For the 6-year period 1987-1992 inclusive the range of AIDS cases predicted by the different models presented in the Report varies from 8000for the Logistic model to 28,846for the Wilkie A model. Fortunately the Working Group give a single prediction as a recommended basis for planning. They are suggesting some 12,750AIDS cases in total diagnosed between 1987 and 1992, with an average per annum growth of cases of about 35% over that period. On present information this would seem to be a fairly sensible estimate, but the basis on which it is made, if there is one, is not presented.
NUMBERS OF HIV INFECTIONS: GENERAL
The Working Group used three methods to estimate the numbers of people with HIV infection in England and Wales. The first, the direct approach, uses a two-stage process: the numbers belonging to the various at-risk groups are estimated, and theñ n attempt is made to assess the percentages Infected in each group. The second method, the back projection method, uses assumed relationships between HIV infection and consequent cases of AIDS to 'back-calculate' HIV infections from AIDS cases. This method obviously depends on reliable AIDS case statistics and the accurate specification of the function or functions, called incubation functions, describing the probability of AIDS in time following HIV infection. A third method, the transmission method, estimates HIV infections as a by-product of attempts by actuaries to model the incidence of HIV. The Report claims the method to be a variant of the back projection method. A fourth method, not used in the Report, involving evidence from haemophilia cases, will also be proposed.
Because of the uncertainty about numbers infected and the character of the HIV incubation period, a range of estimates for HIV prevalence to the end of 1987 has been given in the Report. With the direct approach a range of 20,000 to 50,000 was estimated, while the back projection methods used give a range of 20,000 to 60,000. The results from these two methods are consequently claimed to be mutually supportive. The Working Group states that an estimate towards the lower end of this range is the 'more plausible', and deems it 'implausible' that HIV infections 'could be as high as 100,000 to 200,000 which some commentators have suggested in the past'. In their updated report, published by the Royal Society, Anderson et al. 2 suggest a model 'with between 10,000 and 15,000homosexuals being infected at the period of peak incidence, with a peak in AIDS cases in 1989-90.' The length of the 'period of peak incidence' is not defined.
THE DIRECT METHOD
Estimates of the sizes of at-risk groups, and of the percentages infected in those groups, are complicated because of our ignorance of many of the basic facts about the epidemiology of HIV. When ranges are estimated for the sizes of at-risk groups and for seroprevalence percentages in those groups, as in the Cox Report, all feasible possibilities should be covered, or a false impression may be given that true prevalence cannot lie outside the ranges given.
The size of the homosexual population, and the level of infection in that population are of critical importance, because so far in England and Wales about 85% of reported AIDS cases are in this group. The credibility of the Working Group's use of the direct method will therefore depend almost entirely on whether its calculations for this group are realistic.
Size of the homosexual population
Hillier, in Appendix 3 of the Cox Report (page 48), based her estimates of the size of the homosexual population on the survey by Belsey and Adler3 of patients and attendances at all NHS sexually transmitted disease (STD) clinics in England and Wales in 1978; this estimated that 18,131 or 8.66% of patients, from a total of 209,476 male patients, were homosexual or bisexual. (The term 'homosexual' refers to males throughout the paper.)
. Hillier considered that homosexuals are twice as likely to attend NHS STD clinics as heterosexuals, mplying that ab~ut 4.52% of the male population IS ho~osexual. BIsexuals, included by Belsey and dler In the homosexual group, are not explicitly discussed. As there were about 14.8 million males between the ages of 16 and 59 in England and Wales in 1986, Hillier estimated there to be between 600,000 and 700,000 male homosexuals in England and Wales, or between about 4.0% and 4.7% of that somewhat restricted population. No proper explanation is given to justify this narrow range.
The Centers for Disease Control (CDC) in the United States assume that 3.5% of males between 15 and 59 are exclusively homosexual and that a further 3.5% to 10.5% have some homosexual contact, however infrequent-a combined total of 7% to 14%. The 3.5% used by the CDC for the first group is derived from the Kinsey report of 40 years ago. A recently published study by Fay et aI. 4 of homosexual behaviour in the United States in 1970 found that 3.3% of the male population who replied had homosexual contact either 'fairly often' or 'occasionally', but that the question refusal rate indicated that the actual rate 'might reasonably be estimated' at 6.2%. Questions attached to the 1988 United States General Social Survey (GSS)S found 2.5% of the males surveyed admitted homosexual contact in the previous 12 months. Both studies had considerable problems with various types of nonresponse bias. In the 1970 study! it would appear that non-response was very high, with probably more non-response than response. In the GSS study'' non-response was 23%, and for some reason only 43% of respondents were male; furthermore, 6.4% of male respondents did not answer the questions on sexual behaviour. The critical problem of lying is briefly discussed in the 1970 study, but glossed over in the GSS study. It remains quite likely, therefore, that the number of male homosexuals and bisexuals as a percentage of all adult males is well in excess of the Hillier estimate.
Although Belsey and Adler-' recorded sexual orientation, some patients may not tell the truth, even though SID clinic records are maintained with strict confidentiality. The clinics themselves may contribute to the under-reporting of homosexuality because, without specific evidence to the contrary, they will usually classify patients as heterosexuals. Such under-recording might be especially likely in younger homosexuals and bisexuals, and indeed recorded homosexuality does seem low in younger patients: 23% of homosexual patients were under 25, compared with 41% of heterosexual patients. Although Belsey and Adler explained this by marriage in older heterosexuals, and by delayed experience in younger homosexuals, under-reporting of homosexuality by younger patients is likely to be a contributory factor. Further, a surprisingly modest 1.26% of the male sample, who were included in the overall 8.66% homosexuals, were found to be bisexuals, who would be expected to be less likely to admit their sexual behaviour than those who are solely homosexual.
Belsey and Adler found that two-thirds of all homosexual attenders went to London clinics, an extraordinarily high proportion in relation to London's share of total national population, suggesting that outside London at least homosexuality may be under-recorded. A thin straw poll of some STD doctors indicates that in central London such understatement of homosexuality is modest, not more than about 5%, or at most 10%, of all homosexual and bisexual patients. Some patients who attend as heterosexuals are later found to be homosexual, but this may be due to a change of practice over time. The doctors themselves of course may be underestimating the degree to which their patients are deceiving them. Outside London, where there is less acceptance of homosexuality, understatement seems more common, particularly among bisexuals. Professionals in one non-London STD clinic thought that understatement could be as much as 25%. If, for the whole of England and Wales 15% understatement is assumed, the homosexual/bisexual percentage of STD patients would increase to 10.18% of the total patients attending clinics.
Hillier's estimate! that homosexuals are twice as likely as heterosexuals to attend SID clinics is based on evidence about homosexual partner change described by johnson" and by Anderson". However, Belsey and Adler" found that 15.5% of homosexuals attended for two or more disease episodes in their survey year, compared with 10.3% of heterosexuals. This suggests that the relevant factor for Hillier's calculations might be about 1.5 rather than the 2 actually used. With the 1.5 factor, the estimate of the number of homosexuals, including the 15% allowance for understatement, would have risen to 1,024,000, equivalent to 6.92% of males aged between 16 and 59.
The second stage in Hillier's calculations was to divide the estimated total of homosexuals in England and Wales into different at-risk groups. The four groups are London high-and low-risk, and provincial high-and low-risk. As there is a spectrum of risk, and as people move, such divisions will be somewhat arbitrary.
Since the population of the old Greater London area is about 7 million, the relevant male population from which the London homosexual population is drawn is estimated at about 2 million. With 15.25% of London male clinic attenders in the Belsey and Adler" study being homosexual, and with these being regarded as twice as likely to attend clinics as heterosexuals, the London male homosexual population is estimated at 150,000, plus or minus 50,000, equal to around 7.5% of the 2 million. So between 16.7% and 28.6% of homosexuals in England and Wales are thought to live in the London, or rather the London clinic, area. With the national homosexual population estimated by Hillier at 600,000 to 700,000, non-London homosexuals would be about 500,000.
Belsey and Adler-, however, found that as many as two-thirds of all male homosexual, but only 37% of male heterosexual, patients, were seen in London clinics. While it would not be sensible to assume that two-thirds of all homosexuals in England and Wales are in the London clinic catchment zone, the actual percentage is unlikely to be as low as the 28.6% that is Hillier's top estimate. Why is the method used to calculate the size of the national homosexual population jettisoned when the size of the London area homosexual population is estimated?
The four Thames health regions contain about 14 million people, or 27% of the population of England and Wales. It is probably this, rather than the Greater London population, that represents the population base from which both the London homosexual /community/ and the London homosexual clinic population is drawn. The percentage of all homosexuals in the Thames area would be greater than 27% because homosexuals are likely to move to the London area, which provides the cultural and social milieu and work opportunities attractive to homosexuals. Lifein London may foster homosexual behaviour in those on the boundaries of homosexuality. The Thames regions could contain over 40% of all homosexuals in England and Wales, with the great majority in the catchment zone of London clinics. Even the 40% figure, incidentally, implies that London homosexuals would visit clinics on average three times as frequently as provincial homosexuals, not allowing for the provincial /understatement' of homosexuality.
London and provincial homosexuals are divided into 'high' and 'low' risk groups. The 'high-risk' estimates are based on an attempt to calculate numbers of patients attending NHS STD clinics (private patients are not considered) over a five-year period, an interval which is not explained, but seems to be based on the assumption that the virus has been in the community for only five years or so. If so, the interval is too short, for many British homosexuals visited the United States in the late 1970s, so the virus will have been in the London homosexual population for at least ten years. The high-risk estimates, 50/000in London and 25/000in the provinces, seem very low, a total of only 0.5% of the male population aged between 16 and 59/ and a~short of the Report's estimate of 120/000 drug Injectors.
Assuming all members of this hypothetical highrisk group have the same probability of clinic attendance in any short time period, say ill anyone month, we can calculate the size of the clinic attending population from repeat attendance for a second disease in the survey year. As 15% of homosexuals attended twice or more during the year of Belsey and Adler's study", the overall p:obability of clinic attendance by a member of the high-risk (i.e. clinic attending) homosexual group might be guessed at a maximum of about 0.0136per onth, assuming people do not attend for two different complaints in the same month. As 18/131 homosexual patients attended in a year, equal to 1/511 a month, we can estimate the high-risk homosexual population at 111/100. Adding 15% for the element of homosexual understatement increases this to 127/800.
It is certainly unrealistic, however, to assume homogeneity for probability of clinic attendance. Attenders will actually display a spectrum of such probabilities. This means that the repeat attenders will not be representative of the whole group of attenders, and that therefore the estimate of the size Rees . A critique of the Cox Report 13 of the STD clinic attending population will be too low. The actual size of this population is a matter of speculation, but taking this factor and the private clinic attenders into account, the estimates given below assume a total of 160/000/ with 100/000in the London/Thames region and 60/000 in the rest of England and Wales. Assuming a total homosexual/bisexual population of one million, 40% of whom live in the Thames regions, leaves 300/000 lower-risk homosexuals in the Thames region, and 540,000 in the rest of England and Wales.
Homosexual HIV prevalence
The Report! estimates that of its 50/000 high-risk London group/ 15-25% are HIV-infected, while of its 50/000to 150/000low-risk London group/ 5% are infected. Its 25,000 high-risk provincial group are assumed to be 2-5% infected, and its 475/000 lowrisk provincial group 0.5-2% infected. All these estimates would appear low.
The best information that we have about seroprevalence in homosexuals is from the Middlesex Hospital, SID clinic, which has found over 25% HIV infection in a random sample of homosexual patients", There are great dangers in generalizing from this figure, as the Report recognizes, because it is drawn from the metropolitan high-risk group. There are, however, also dangers in setting much store on surveys of HIV test results, as the Cox Report does, for these vary according to the level of AIDS publicity. As homosexual groups advise against testing, homosexuals at very low risk of being infected may be over-represented in the test results, with test result prevalence below actual high-risk prevalence, especially in 1987.
Nearly all the prevalence estimates given in the Report appear very conservative. The low-risk London seroprevalence estimate of 5% must be at the bottom of the range of possibilities, especially in view of the very restricted numbers estimated for this group. Outside London a 2-5% level of infection in high-risk homosexual communities in some of the larger metropolitan centres seems too low. Finally the idea that perhaps three-quarters of homosexuals in England and Wales belong to a group, the provincial low-risk group, with 0.5% to 2% prevalence, is particularly dubious.
The Report's estimate of overall prevalence for homosexuals in England and Wales lies between about 1.9%, with a lower limit of 13,000 infected, and about 4.5%/ with an upper limit of 31/250 infected. These percentages would be lower were the number of male homosexuals in England and Wales actually above the 600/000 to 700/000 range used in the Report. If there are a million homosexuals in England and Wales, for example, the lower limit would suggest only 1.3% infected, and if 10% of the male population aged between 16 and 59 are homosexual, the Report's lower limit indicates 0.9% infected, and even the upper limit only 2.1% infected.
The direct method re-estimated
In the calculations given in Table 1 , the Thames higher-risk seroprevalence percentage is assumed to be 25%, and the Thames lower-risk percentage a third of this, or 8.33%. Outside the Thames areas, the higher-risk homosexual population could be 8% infected, and the lower risk population 2.67% infected. (The one-third relatives were derived from the PHLS collaborative study and are used in the Cox Report.) 50 the Working Group's estimates of the size of the male homosexual population, and its the overall level of HIV infection, both appear over-modest. Almost every step in the Report's calculations of homosexual numbers is subject to considerable doubt, and nearly always doubt about whether the estimates are high enough.
The figures in Table 1 suggest nearly .70,000 homosexuals infected, or about 7% of the estimated total homosexual/bisexual population in England and Wales; 29,000, or 42% of the total, are in the higher-risk group; 72% of homosexual infections are in the Thames regions.
Adding 20,000 infections for other a~-risk .grouJ:>s
gives not far short of 100,000 HIV infections in England and Wales. This number may~~e~atable, but it is well within the bounds of possibility, and its plausibility exceeds by a substantial margin the 20,000plus total infections from~gro~ps suggested by the Working Group. T~e main point a?O\~t the figures in Table 1 is not their accur~cy-whlCh.ISnot ascertainable, for they could be either too high or too low-but their feasibility. Yet they are nearly two and a half times the upper limit for infection in male homosexuals given in the Cox Report. 
THE BACK PROJECTION METHOD
The Working Group call their second metho~u~ed for estimating HIV prevalence the back projection method", It depends critically on two elements, the AIDS case numbers and the relationship between HIV infection and lime of development of AIDS or terminal illness, the incubation function. AIDS case statistics should not be accepted uncritically. The case numbers used in the Report's back projections may be too low. Althou~h Dr Anna McCormick was a member of the Working Group, and wrote the final appendix to the report (page 85), her work on excess mortality in males from apparently HIV-related causes was in practice ignored when the back projection method was used to calculate HIV infection levels. All such calculations, therefore, may be underestimates. AIDS ca~e diagnoses were inflated in 1987 by the cha':l~e In AIDS case definition, and perhaps by additional AIDS awareness that occurred in that year. This complicates the fitting of incubation function to the data.
The second element in the back projection method is the incubation function. This describes mathematically the probability of someone infected at year°o f proceeding to AIDS in particular years 1 to n, where n is any year number greater than 0. In Appendix 4 (page 53) Isham and in Appendix 12 (page 74) Day and Gore use two such functions, a 7-year mean Weibull and a 14-year mean gamma, both estimated by Anderson and Medley from transfusion cases. The Weibull ({j=2.33, p=0.12) with a mean, or average, incubation period of abo';!t 7.4 years would appear to be the Working Group s most favoured incubation function, though a gamma with a mean of 14 years is also considered consistent with the transfusion data. Other incubation functions, based on information about progression to AIDS derived from a small number of San Francisco cohort cases, whose mean incubation period is now calculated at about 10 years, are also tried.
Isham! incorporates two additional functions into her calculations (a quadratic exponential and a linear logistic), to describe the growth. of A~DS cases after 1979' this smooths out fluctuations in AIDS cases, and also allows AIDS case numbers to be predicted for a few years ahead. Day and Corel, on the other hand, use actual AIDS diagnoses from 1982-7, adjusted for late reporting, and predictions after this date.
These calculations enable these researchers to estimate annual HIV incidence. In all 5 HIV infection-time series calculated by Isham, infections continue to rise until 1986, and 2 of them peak in 1987. In all 5, less than 17% of total infections estimated between 1980 and 1987 occurred by the end of 1983, and in 3 of the 5 less than 10% did.
Instead of presenting their actual estimates of HIV infection trends, Day and Gore 'smoothed' (a more accurate word would have been 'reduced') these trends by incorporating a variety of assumptions about how HIV infection levels developed between 1982 and 1987. For example, in one scenario (the 'falling' option) new infections are assumed to fall 25% between 1985 and 1986, 25% between 1986 and 1987, and remain constant after that date. Even so, in none of the trends does the majority of new infections occur in the 1979 to 1984 period, rather than between 1985 and 1987. The introduction of these smoothing assumptions means that the implications of their incubation functions are not fully described. Day and Gore are prejudging the variable they are estimating. . There is evidence of an earlier peak in new Infections than either set of estimates allow for. The Middlesex Hospital study of STD clinic attenders found that HIV prevalence in male homosexuals, the group mainly affected, reached 21% by 1984. It then stayed at approximately this level until 1987, by which time prevalence had moved up to about 25%, a rise of just over one percentage point per year between 1984 and 19878. Similar patterns are found in the United States. This would suggest that the first major wave of the epidemic had passed by the end of 1984.
This pattern would be consistent both with the growing awareness and fear of AIDS in the mid-1980s, and also with our current knowledge of HIṼ~~c tiousness which appears to decline after a short initial stage of high infectiousness, increasing again towards the AIDS stage. An initial stage epidemic of HIV infection, according to this theory, would have occurred in Britain between about 1979 and 984, to be followed by a marked reduction in new Infection as most of those infected entered the long lOW-infectious dormant stage".
To avoid HIV infection trends that peak after 1984 or 1985, different incubation functions are required. Isham's 14-year mean gamma, with an a parameter ?f 3 (signifying a sharply increasing hazard of AIDS In time), produces an earlier peak in HIV infections (1986) than the other incubation functions used, and back projects the greatest number of infections, Some 60,000 by 1987. This must be a move in thẽ ght direction, though the predicted peak in new Infections is still much too late. (Between 1988 and 1992, minus 65,000 new HIV infections are produced with this model, the result of an inconsistency between the predictions for future AIDS case numbers produced by the quadratic exponential, and the 14-year mean gamma incubation function which generates AIDS cases too rapidly in the years Immediately following infection. One way of redUcing this anomaly is to lower the estimates for he probability of AIDS in the first 7 years or so after nfection, implying in turn more people currently Infected.)
A problem of longer incubation functions is that they indicate higher current levels of infection in the community than the Working Group believe acceptable. For example, at the beginning of 1986, in an early application of the back projection method, using reported rather than diagnosed AIDS cases, proposed a IS-year mean normal model which Indicated over 100,000 people infected in the UK by t~e end of 1985 1°. While not the perfect specificabon of the incubation function, the IS-year mean normal should be closer to the 'real' incubation function than any used in the Cox Report.
Longer incubation functions give results that would seem to conflict with evidence from blood transfusion cases and from the San Francisco cohort!'. Estimates of incubation functions derived from transfusion cases, however, have been amended quite considerably in the past, with some researchers increasing the mean incubation period about a year each time that an additional year's data become available. The estimates based on the San Francisco cohort data used quite small numbers of cases. We cannot know how typical such groups are of the generality of HIV infections. For example, the cases from the San Francisco cohort are very unlikely to be a random sample of the cohort, just as the cohort itself is hardly representative of the whole of the male homosexual community. They can be expected to be more subject to disease than the average HIV-infected individual and therefore probably likely to develop AIDS unusually rapidly.
Longer incubation functions conflict with the views currently generally held by AIDS doctors and other experts, who will commonly quote the percentage of AIDS cases at 20% after about 5 years, and 50% after about 8 to 10 years. Only two years ago, however, a 5-year mean incubation period would have been generally accepted. AIDS doctors, as they treat patients, tend to see a biased selection of those infected with HIV, with an over-representation of those already feeling the onset of serious symptoms.
THE TRANSMISSION MODEL METHOD
In Appendix 10 to the Cox Report", Wilkie gives 5 possible time trends for HIV infections based on actuarial models. His focus on the future actuarial transition dynamics of HIV has meant that the actual pattern of development of HIV infection has been neglected. All Wilkie's models describe year by year rises in new HIV infections between 1984 and 1991, which conflicts with evidence from the United States, the United Kingdom and the Netherlands of dramatic falls in incidence after 1984. On page 31 of the Cox Report there is a reference to 'a very sharp slowing down in the rate of transmission of HIV infection from about 1984'. It is therefore surprising that this factor is not incorporated properly into models actually presented in the Report.
Wilkie also apparently assumes that no HIV infections occurred before 1983, an unreasonable assumption, even allowing for the inevitable simplifications associated with the construction of statistical models. It has recently been estimated that of those members of the San Francisco cohort who were uninfected at entry, 44% became infected between 1978 and 1981, and only 32% after that time!'. Many British homosexuals must have been infected in the period 1979 to 1982, if only because so many of the early AIDS cases visited United States danger spots in those years. The incubation functions (modified Gompertz and Weibull both with approximately 7 year means) built into Wilkie's models are unable to cope with such early infection.
These functions, if applied to realistic numbers for pre-1983 infections, would have produced large numbers of AIDS cases before 1983-which as we know, did not in fact occur.
These models have been used by the Institute of Actuaries to predict AIDS and HIV prevalence and incidence, but just recently they have been revised, and the predicted incidence of HIV reduced.
Blythe and Anderson, in Appendix 11 of the Cox Report, do not, unfortunately, give back projections, but their forward projections for 1988 to 1992 suggest an HIV incidence of only 1356in 1988, rising to just over 5000 in 1992. In contrast, Wilkie's incidence estimates are 6000 to 38,000 in 1988, and 7000 to 56,000 in 1992. While one may suspect that the Blythe and Anderson figure for HIV incidence in 1988 is low, it does indicate that we do not at present seem to be facing the very rapidly rising trend in infections that occurred in the early 1980s.
It is a pity that Blythe and Anderson do not give both back and forward projections of HIV incidence in order to test their model more fully against current knowledge.
EVIDENCE FROM HAEMOPHILIAC CASES
The Working Group did not apparently consider using the evidence from haemophilia cases, though this is the only group where we have information about both the number infected with HIV and the number of AIDS cases. Although we cannot always be certain about the time of infection, there is reasonable assurance that only a few infections occurred after December 1984, because from that date all Factor VIII has been heat-treated, and blood screened.
The Cox Report estimates that 100AIDS cases had occurred in haemophiliacs by mid-1988, from a total of 1400haemophiliacs with HIV infection. Therefore about 7% of haemophiliacs have been reported to develop AIDS after about five and a half years of infection (the median and mean time of infection in haemophiliacs in Britain being about the beginning of 1983). If the 7% figure were typical of all infected with HIV there should be 20,000live HIV infections in the country, as there were a total of 1469 AIDS cases recorded by mid-1988, of whom 838 had died. We cannot be sure, however, that haemophiliacs infected with HIV have the same characteristics as others infected. Infections may have occurred at different times, and haemophiliacs and nonhaemophiliacs may be developing AIDS at different rates.
Evidence on this issue is given in Table 2 , which shows the percentage of AIDS cases deriving from different at-risk groups in particular years between 1984 and before, and mid-1988. A striking feature of these figures is that the percentage of cases recorded for haemophiliacs has been progressively rising, from 2.02% in 1984and before, to 10.62% in the first half of 1988. As few new haemophiliac infections occurred after the end of 1984, this rise cannot be because haemophiliacs as a proportion of all those infected increased much after that date. If anything they should have decreased. The main explanation must be that haemophiliacs progress to AIDS more rapidly than other groups. This is probably because infected haemophiliacs are on average older than others infected with HIV, and also because their immune systems may already be affected by the blood products used to control the haemophilia.
It is often said that haemophiliacs progress to AIDS more slowly than other at-risk groups. The CDC estimate that 15% of homosexuals will have progressed to AIDS after 5 years (using the small non-random sample of San Francisco cohort infections), while the 7.33 year mean Weibull, estimated by Medley and Anderson, implies 24% of infections develop AIDS after 5 years. British haemophiliacs have 7% AIDS reported after over 5 years. The evidence in Table 2 , however, indicates that haemophiliacs are progressing more rapidly to AIDS than other groups, whose average percentage to AIDS after 5 years must be well below 7%. This means that the CDC and Medley and Anderson are overestimating speed of progression to AIDS, and therefore underestimating HIV infections.
Assuming that the haemophiliac AIDS case growth had been in line with all other groups after 1984 we should have had about 28 AIDS cases recorded to mid-1988. This would suggest that total numbers infected with HIV by around 1984-5 would have been about 70,000. An allowance for nonhaemophiliacs infected after this date would probably bring an estimate of HIV infections to well over 80,000 by the end of 1987. These results are only suggestive, and are based on small numbers of cases, but they provide evidence in favour of more people being infected with HIV than the Working Group believes.
CONCLUSION
This paper has investigated critically the methods by which the Cox Report Working Group has tried to calculate the numbers of HIV infections in England and Wales. Further consideration of the main methods used, direct method and the back projection method, and the evidence from haemophilia cases, discussed here but not in the Cox Report, indicates that the Working Group has considerably underestimated the current number of HIV infections. The size of this underestimate will be larger if there is understatement in the recorded AIDS statistics, as Dr McCormick's work indicates.
The balance of evidence suggests that infections in England and Wales are not at the lower end of the 20,000 to 60,000 range favoured in the report, but are above 60,000, and could well be as many as the 100,000 that the Working Group has rejected. Better estimates will ideally depend on accurate prevalence surveys. If these are unobtainable, better knowledge of the numbers of people ill or dying with HIV disease, and of the incubation function that describes the generation of terminal illness follOWing infection, will be needed. Despite current uncertainties about these aspects, it is evident that the Working Group has understated the serious threat that HIV will be in the 1990s and beyond.
